and the negative impact tillage has on WSA (McVay et al., 2006) . If current rates of NT adoption in winter annual pastures are to increase, there will need to be additional incentives for producers to adopt this technology. Sequestration of C is a topic that has grown in importance in recent years. It has been estimated that the soil is the largest terrestrial pool of C and that agriculture will increasingly play a role in converting atmospheric CO 2 to soil C (Schlesinger, 1997) . Th ere is a growing body of work that shows a close relationship between WSA and soil C and N content (Golchin et al., 1994; Bossuyt et al., 2002; Hons, 2004, 2005) .Th ere are now fl edgling markets for C that hold potential as an additional income source for farmers who are able to sequester C through increasing WSA in the soil. To better understand the potential of increasing soil quality through increased WSA and their potential to increase soil C and N in a winter annual pasture used for livestock production, this study was designed with the following objectives: to evaluate the eff ect of tillage (TT, DT, and NT) on WSA and their subsequent C and N content across three landscape slope positions (toeslope, midslope, and summit) and at two soil depths (0-5 and 5-10 cm).
MATERIALS AND METHODS

Study Site and Design
A study was established in 2003 on 24 ha of land consisting of 15 1.6-ha pastures at the University of Arkansas Livestock and Forestry Branch Station near Batesville in north-central Arkansas (35°50´ N, 91°48´ W). For each of the 7 yr before 2003, the pasture had been managed under TT to produce winter wheat and rye (Secale cereale L.) forages. Th e soil at the site is a Peridge silt loam (a fi ne-silty, mixed, active, mesic Typic Paleudalf ). Th e slope across all pastures ranges from 3 and 8%. In 2003, three tillage systems were used to establish winter small grain pastures. Th ese were: (i) TT with seed planted into an intensively tilled seedbed; (ii) DT, which consisted of one or two passes with a light disk, depending on soil moisture, followed by broadcast seeding; and (iii) NT with direct seeding into an undisturbed seedbed. Th e study contained fi ve replications in a randomized complete block design. Winter wheat and rye were planted the fi rst week of September in each year of this study. Data presented in this study were collected from these 15 pastures 3 yr aft er tillage treatment initiation. Soil samples were not collected before treatment initiation, thus the results presented here are attributed to tillage treatment eff ects resulting from the DT and NT treatments initiated 3 yr before sample collection.
Traditional tillage consisted of chisel plowing twice, followed by disking twice with a cutting disk to incorporate all plant material into the soil, followed by two passes with a fi nishing disk. Th e NT and DT treatments received two 1.4 kg a.i. ha −1 applications of glyphosate [N-(phosphonomethyl) glycine], the fi rst aft er spring grazing and a second application before planting. In the DT treatment, pastures were established by one or two passes with a light tandem disk set at a depth of 5 cm to incorporate the soil surface residue to a 50% residue cover. A conventional fertilizer spreader was used to broadcast the seed aft er disking and a pass was made with a harrow to cover the seed. Nitrogen, P, and K fertilizer rates, along with lime requirements, were determined each season by collecting composite soil samples to a 10-cm depth from each pasture before tillage. Th ese samples were processed through the University of Arkansas Extension Service, who provided standard recommendations for winter wheat production. Fertilizer applications were made before tillage for the TT and DT treatments and at the same time for the NT treatment. All pastures received the same fertilizer and lime applications for the3-yr time period between treatment initiation and sample collection.
Th e NT and TT pastures were planted using a 3.7-m John Deere grain drill (Model 750, Deere and Co., Moline, IL) in rows spaced 17.8 cm to a depth of approximately 2.5 cm. Pastures in all treatments were seeded during the fi rst week of September with 68 kg ha −1 of cereal rye (Wintergrazer 70) and 68 kg ha −1 of soft red winter wheat (Delta King 9027). Th e seed of each species was blended in a Gehl Mix-All mixer (Model 55, Gehl Co., West Bend, WI). Aft er mixing, the seeds were removed from the mixer and reweighed before planting.
All pastures were grazed with stocker cattle (Bos taurus) in the fall (fall grazing period) and spring (spring grazing period) (Bowman et al., 2008) . Th e fall grazing period ran from October to late December, when low temperatures curtailed the wheat growth. Monthly precipitation, averaged across a 30-yr period , was 87 mm in September, increased to 134 mm in November, and was 110 mm in December. Th e average temperatures for this same time period were 22°C in September, cooling to 4°C in December. Th e spring grazing period began in February and continued until late April. Precipitation averages for this time period were 119 mm in January, decreasing to 80 mm in May. Temperature averages for the same time period were 2°C in January, increasing to 20°C in May. For the fall grazing period, cattle were placed on the pastures when the forage height reached 20 cm. Stocking rates were approximately 2.5 steer ha −1 , with an average steer weight of 210 to 230 kg. Stocking rates for the spring grazing period were approximately 5.6 steer ha −1 , with an average steer weight of 225 to 240 kg. Th e higher stocking rates used in the spring grazing period resulted in very little forage remaining on the pastures at the end of the grazing cycle. All pastures were fallowed during the summer, with tillage operations beginning in early September.
Sample Collection and Analysis
In March 2006, four soil samples were collected from each of three landscape positions (summit, midslope, and toeslope) in each treatment pasture. Th e samples were collected to a depth of 10 cm using a 7.6-cmdiameter split-chamber core probe and divided into surface (0-5 cm) and subsurface (5-10 cm) samples. Field-moist samples were manually passed through an 8-mm sieve and air dried for 1 to 2 d. Water-stable aggregate content (g kg −1 ) was determined for the size classes of 0.25 to 0.5, 0.5 to 1, 1 to 2, 2 to 4, and >4 mm (Yoder, 1936) . Dry soil samples (150 g) were wet sieved for 5 min at 125 cycles min −1 . Th e samples were oven dried at 105°C for 24 h and the concentration (g kg −1 ) of initial sample weight was determined for each aggregate size class.
Soil bulk density samples were collected twice during the pasture management season. Th e fi rst was shortly following plant establishment (September) and when the soil was near saturation. A second set of samples was collected near the end of the summer fallow period (August) when the soil was dry. Four samples were collected from each landscape position in each plot at two depths (0-5 and 5-10 cm) using a 5-cm-diameter probe. Th e samples were dried and weighed as per Blake and Hartge (1986). Carbon and N concentrations (kg kg −1 ) for individual aggregate size classes were determined with a LECO TruSpec CN Analyzer (LECO Corp., St. Joseph, MI). Total C was determined by the dry combustion method (Nelson and Sommers, 1996) . Total N was determined by the Dumas method (Bremner, 1996) .
Total WSA values were determined by summing the values found for each size class. Soil C and N weights (kg ha −1 ) was determined using the measured soil BD (average across all BD measurements), WSA content by weight contained in the bulk soil, and C and N content by weight in each aggregate size class.
Statistical Analyses
Statistical analyses were performed using SYSTAT soft ware (SYSTAT Soft ware, 2007) . All dependent variables were analyzed using the general linear model (GLM) procedure. Th e replicated block was treated as random, while landscape location was assigned and treated as a fi xed variable along with tillage, soil depth, and aggregate size class. Estimated means, standard errors, and diff erences among means for the fi xed eff ects were calculated using the LSMEANS option. Multiple comparison tests for diff erences between means were identifi ed using the TUKEY procedure and a signifi cance level of P < 0.05. One analysis was completed using total WSA as a dependent variable without size class as a fi xed variable. A second analysis did not include total WSA as a variable but included size class as a fi xed variable. In the second analysis, the mean WSA values were means grouped across fi xed eff ects.
RESULTS AND DISCUSSION
Water-Stable Aggregates
Total WSA, averaged across landscape position and sample depth, ranged from 150 g kg −1 in the TT treatment to 210 g kg −1 in the NT treatment. Total WSA was aff ected by tillage and by sample depth (Table 1) . Landscape position did not aff ect the total WSA, which was not consistent with the results reported by Shaver et al. (2002) , who found diff erences in macro-and microaggregates across landscape positions with diff erent cropping systems and attributed these diff erences to crop residue production and soil texture diff erences among sites. Bowman et al. (2008) , reporting on this study, found that forage yields did not differ among treatments. We did not observe diff erences in biomass produced in the summer fallow or soil texture in these pastures. Soil nutrient values from samples collected at the same locations did show diff erences based on landscape position (data not presented) and our hypothesis was that these same diff erences would be found in WSA.
Th ere were numerically greater total WSA in the 0-to 5-cm soil layer than in the 5-to 10-cm layer for the DT and NT treatments (Fig. 1) . Th is trend was opposite for the TT treatment, where WSA were numerically lower in the 0-to 5-cm soil layer. Waterstable aggregate formation is closely related to soil order (Oades and Waters, 1991) and the volume and composition of organic matter on and in the soil (Elliott, 1986; Beare et al., 1994; Six et al., 1998; Marquez et al., 2004; Wright and Hons, 2005; McVay et al., 2006) . In our study, all pastures were in the same soil order and we did not observe diff erences among tillage treatments in the amount of surface residue at the time of tillage. Tillage has been shown to destroy aggregation via sorting the WSA in the tillage layer as well as exposing organic matter to increased microbial activity and decay (Kay, 1990; Roberson, 1991) . We attribute the above results to the eff ect of tillage on WSA formation and decomposition. Th ere were no diff erences in total WSA in the 5-to 10-cm layer of the DT and NT treatments and both soil layers in the TT treatment. Th ese results indicate that a mixing of soil layers, as was done in the TT treatment, resulted in a reduced WSA content in both soil layers of the TT treatment. Accumulation of WSA occurred primarily in the top 0-to 5-cm soil layer of the DT and NT treatments, where there was reduced or no soil disturbance from tillage.
Total WSA values do not indicate size distributions across aggregate sizes, which can better show how changes in soil quality occur. Cambardella and Elliott (1993) , Beare et al. (1994) , and Mikha and Rice (2004) reported that TT reduced larger aggregates, with a still noticeable but reduced eff ect on smaller aggregates. An ANOVA that contained each of the fi ve WSA size classes indicated diff erences among the main eff ects of tillage, sample depth, and aggregate size class (Table 2) .
Th e tillage × sample depth interaction (pooled across landscape position and size class) was signifi cant (Table 2 ) and illustrates ( Fig. 1 ) the impact of tillage on WSA distribution. Mean WSA were similar in the 5-to 10-cm soil layer for all tillage treatments and the 0-to 5-cm soil layer of the TT treatment. For the DT and NT tillage treatments, there were greater mean WSA values for the 0-to 5-cm soil layer than the 5-to 10-cm soil depth. Th ese results support our earlier fi nding for total WSA and indicate tillage as a major factor in determining the WSA content.
For the interaction of sample depth and WSA size class, the distribution of the mean (pooled across tillage and landscape position) WSA content (g kg −1 ) across size classes varied with soil depth (Fig. 2) . Th e mean WSA was greater in the surface (0-5 cm) soil layer for all but the 0.5-to 0.25-mm size class. Th e mean WSA was greatest in the 0.5-to 0.25-mm size class, at 101 and 107 g kg −1 for the 0-to 5-and 5-to 10-cm soil depths, respectively. For both sample depths, there was a decrease in mean WSA content from the largest size class to the second largest size class, followed by increases as size class further decreased. Th ese results are, in part, attributed to the averaging of tillage and landscape location values in this comparison. Larger aggregates are expected to be most disturbed by tillage, and exposure to environmental conditions that will enhance WSA decomposition (Rovira and Greacen, 1957; Cambardella and Elliott, 1993) . Greater total WSA found in the DT and NT treatments (Fig. 1) are the result of larger aggregate size classes accumulating in the 0-to 5-cm soil layer (Fig.  2 ) of the DT and NT treatments. Landscape position was not signifi cant in the main eff ect comparison but was in the landscape position × size class interaction (Table 2) . Within each mean (pooled across sample depth and tillage treatment) WSA size class, there were no diff erences among Table 2 . Analysis of variance summary for the effects of tillage, landscape position, soil depth, aggregate size class, and their interactions on water-stable aggregate (WSA) content, aggregate C and N content, and their contribution to soil C and N weight. landscape positions (Fig. 3) . For the three largest size classes, the mean WSA values for the samples collected at the toeslope landscape position were less than those collected at the midslope or summit locations. As aggregate size class decreased from the second largest size class, the mean WSA at the toeslope landscape position increased relative to the midslope and summit landscape positions. Shaver et al. (2002) reported diff erences in macro-and microaggregates between summit and toeslope landscape positions at three diff erent sites where three cropping systems were compared. Th e diff erences were not consistent across sites and cropping systems and it was hypothesized that slope, crop residue production, and soil texture were responsible for the diff erences between landscape positions. In our study, crop residue production diff erences were not a factor and slope was similar across all fi elds. Horn et al. (1994) reported that soils must contain 15% clay to form aggregates. Th e soil at the location of our study contains between 10 and 20% clay in the surface horizon and 20 to 34% in the underlying horizon (NRCS, 2007) . Th ese values indicate that there might be reduced aggregate formation in the surface horizon because of lower clay content but that in areas where the surface horizon had been removed because of erosion, there would be suffi cient clay for aggregate formation. Our data indicate a reduction in larger aggregates at the toeslope landscape location. We did not measure diff erences in soil texture and thus are not able to attribute these results to reduced aggregate formation because of soil texture or a movement of smaller aggregates downslope. Regardless of tillage treatment, there was a decrease in the mean (pooled across soil depth and landscape position) WSA content from the largest size class to the second largest size class, followed by an increase as size class decreased further (Fig. 4) . For each size class, the mean WSA was numerically higher for the NT treatment. Th ere were no diff erences in the mean WSA content among tillage treatments in the largest size class, with the DT treatment having the lowest mean WSA. Within each size class, the mean WSA content was greater in the DT and NT treatments than the TT treatment in all but the largest size class. Th ese fi ndings show a consistent trend of increasing mean WSA content in the NT and DT treatments compared with the TT treatment for the four smallest size classes. Lower mean WSA content in the >4-mm size class DT treatment is attributed to the physical destruction of larger aggregates in the tillage process, which is intensive only at the soil surface.
Source of variation
P value WSA C content N content C weight N weight --------g kg −1 -------- ----kg ha −1 ----
Aggregate Carbon and Nitrogen
Soil WSA abundance is a good indicator of soil health, but these values represent only a physical measurement that relates more to soil porosity, erosivity, and water infi ltration. Th ere is evidence that soil WSA contribute to the soil chemical properties and that they are a mechanism of C sequestration (Elliott, 1986; Golchin et al., 1994; Beare et al., 1994; Puget et al., 1995; Six et al., 2000; Bossuyt et al., 2002; Mikha and Rice, 2004; Schmid, 2007) .
Aggregate C and N were aff ected by the depth at which the sample was collected and the aggregate size class (Table 2) . Th ere were signifi cant interactions for the tillage × sample depth for C and N, sample depth × size class for C and N, and tillage × size class for C comparisons. Th ese results diff ered from those for the mean WSA content in that there were no interaction comparisons that contained a landscape position factor. Of the main tillage eff ects, DT had the greatest mean N content at 1.67 g N kg −1 and TT the lowest at 1.53 g N kg −1 .
Aggregate C and N (pooled across landscape position and size class) contents were greater in the 0-to 5-cm soil layer than the 5-to 10-cm layer regardless of tillage treatment (Fig. 1) . Aggregate C in the 0-to 5-cm soil layer was 16.78 g C kg −1 for the TT treatment, which was lower than the 20.48 and 19.34 g C kg −1 values for the DT and NT treatments, respectively. Traditional tillage resulted in the lowest N content in the 0-to 5-cm soil layer (1.7 g N kg −1 ) and the highest (1.37 g N kg −1 ) in the 5-to 10-cm soil layer. When averaged across all tillage treatments, aggregate C was 18.9 g C kg −1 in the 0-to 5-cm soil layer compared with 11.5 g C kg −1 in the 5-to 10-cm soil layer. Th ere were no diff erences in C or N between the DT and NT treatments, regardless of soil depth. Carbon values for TT were similar to those for DT and NT in the 0-to 5-cm soil layer and higher than those for DT and NT in the 5-to 10-cm layer. Nitrogen values in the TT treatment were lower in the 0-to 5-cm layer and similar among all tillage treatments in the 5-to 10-cm layer. Th ese results and those for WSA content show that both WSA accumulation and C and N enrichment are taking place in the 0-to 5-cm soil layerof the DT and NT treatments (Fig. 1) . Previous work (Oades, 1984; Carter, 1992; Beare et al., 1994; Six et al., 1998 Six et al., , 2000 Bossuyt et al., 2002) has shown that reduced tillage results in increased soil organic matter and subsequently greater WSA in the topsoil layer. Other work (Six et al., 2000) has described the process of aggregate destruction by tillage. In our study, there were no crop residues remaining on the soil surface when the cattle were removed (graze-out) and only minimal plant residues when the pastures were tilled in late summer. Organic matter contribution to these systems is primarily through plant roots, which we assumed to be similar for all treatments. Similarities between C and N content indicate that their accumulation and release are subject to the same tillage eff ects, thus we attribute our results to the mixing of soil layers in the TT treatment coupled with C and N enrichment in the 0-to 5-cm soil layer of the DT and NT treatments resulting from organic matter accumulation and reduced soil disturbance.
As with tillage treatments, there was a diff erence in WSA C and N (pooled across tillage treatment and landscape location) in the top 0-to 5-cm soil depth compared with the 5-to 10-cm soil depth for each aggregate size class (Fig. 2) . Of the fi ve aggregate size classes, the greatest C and N content was in the 2-to 1-and 1-to 0.5-mm size classes for both soil depths, with values decreasing as WSA size increased or decreased (Fig. 2) . Th e greatest C content in the 0-to 5-cm soil layer was 21.53 and 21.67 g C kg −1 for the 2-to 1-and 1-to 0.5-mm size classes, respectively. Th e highest N content (2.12 g N kg −1 ) was in the 1-to 0.5-mm aggregate size class in the topsoil layer and lowest (1.02 g N kg −1 ) in the largest aggregate size in the 5-to 10-cm soil layer. Carbon and N content in the 5-to 10-cm soil layer followed the same trends as in the 0-to 5-cm layer (Fig. 2) . Diff erences between C contents of the two soil layers, within each size class, were the same (9 g kg −1 ) for the three largest size classes. Th is diff erence was reduced to 7 g kg −1 in the next smallest size class and 4 g kg −1 in the smallest size class. Th e trend of increasing C enrichment in the 0-to 5-cm soil layer, when compared to the 5-to 10-cm layer, is in agreement with Six et al. (2000) , who reported that there was a greater proportion of C-enriched microaggregates (<0.25 mm) contained in the macroaggregates (2-0.25 mm) of the NT fi elds compared with the TT fi elds. A similar trend was noted with WSA N content. Th ese two WSA size classes (2-1 and 1-0.5 mm) were also the size classes in which the greatest increases in mean WSA concentrations were measured, indicating that aggregate formation and C enrichment were greater in this WSA size range. Th ese results are similar to C for the same comparison and, we believe, are the product of soil organic matter being protected from decomposition by adsorption to clay minerals (Ladd et al., 1985) and its subsequent role in aggregate formation (Bossuyt et al., 2002) .
Within each aggregate size class, there were no diff erences in aggregate C content (pooled across landscape position and soil depth) among tillage treatments (Fig. 4) . Trends across size classes were the same as those found in the soil sample depth × aggregate size class interaction (Fig. 2) . Regardless of tillage treatment, the C content was greatest in the 2-to 1-and 1-to 0.5-mm WSA size classes.
Th ere were no treatment diff erences in the C or N content for soil passing through the 0.25-mm screen (data not presented). For all treatment combinations in this analysis, C and N content in this size class was less than for any of the aggregate size classes. Th ese data indicate that C and N content in the smaller soil fraction (<0.25 mm) is less than that in the WSA fraction and that C enrichment takes place primarily in the WSA soil fraction. For C, these results are in agreement with Six et al. (2000) and Bossuyt et al. (2002) , who both concluded that C enrichment in NT vs. TT is the result of C accumulation in macroaggregates (>0.25 mm).
Soil Bulk Density, Aggregates, Carbon, and Nitrogen
Tillage practices and livestock traffi c may (Murphy et al., 2004; Hill, 1990) or may not (Rachman et al., 2003; Karlen et al., 2006; Cambardella and Delate, 2007) infl uence soil BD. Th e impact of tillage on soil BD may also be modifi ed by animal tracking (Tate et al., 2004) . Soil BD samples collected when pastures were near fi eld capacity showed no diff erences among tillage treatments, landscape position, or sample depth (data not shown). Th ere were diff erences among tillage treatments in wa- ter content of the BD samples. When averaged across soil depth, NT samples contained a greater amount of water (310 g kg −1 ) than either the DT (240 g kg −1 ) or TT (220 g kg −1 ) treatments, which were similar. A set of soil BD samples collected at the end of the summer fallow period when the soils were dry showed similar results but higher BD values in the NT treatment (data not shown). Achmad et al. (2003) reported, for samples collected from a long-term study in Missouri, that soil BD was aff ected by season and not cropping patterns. Tate et al. (2004) reported that soil BD across a range of pastures was infl uenced by grazing intensity and the amount of residue on the soil surface when livestock were removed. For our study, livestock numbers were the same for each pasture and plant residues remaining at the end of each grazing cycle were similar. Shaver et al. (2002) found that soil BD in continuous wheat vs. wheat fallow systems was infl uenced by the amount of residue remaining on the soil regardless of landscape position. Pastures in this study were grazed-out at the end of each season thus the amount of residue was uniform across all pastures. Th ese results support our fi ndings of no signifi cant diff erences in soil BD across landscape positions or tillage treatments.
Because no treatment diff erences were found in soil BD, a value of 1.33 g cm −3 (average across all samples) was used to calculate the weight of C and N contained in WSA in the 0-to 5-and 5-to 10-cm soil layers of each WSA size class. Water-stable aggregate C and N weights (kg ha −1 ) were aff ected by tillage, sample depth, and aggregate size class (Table 2) . Traditional tillage averaged 325 kg C ha −1 and 104 kg N ha −1 across all treatments, while NT averaged 498 kg C ha −1 and 181 kg N ha −1 . Greater WSA values coupled with enhanced C and N content resulted in diff erences between sample depths, with the top 0-to 5-cm layer containing 545 kg C ha −1 and 57 kg N ha −1 while the 5-to 10-cm layer contained 303 kg C ha −1 and 35 kg N ha −1 when averaged across all treatments. Mean WSA size class values were greatest (920 kg C ha −1 ) for the smallest size class, which was the result of a high soil content of WSA for this size class (Fig. 2 ) that more than compensated for its relatively low C concentration (Fig. 2) . Aggregate size classes were diff erent, with the smallest size class (0.5-0.25 mm) having the greatest N weight (104 kg N ha −1 ) and the second largest size class (4-2 mm) having the lowest (18 kg N ha −1 ).
Th ere was no diff erence between the DT and NT treatments (pooled across landscape position and WSA size class) in the weight of WSA C contained in the0-to 5-cm soil depth (Fig. 1) . Water-stable aggregate C weights were similar for both soil depths in the TT treatment and similar to those for the DT and NT treatments at the 5-to 10-cm soil depth. Carbon enrichment occurred primarily in the 0-to 5-cm soil depth of the DT and NT treatments and not to the same extent in the TT treatment (Fig. 1) . Total WSA contents were higher in the 5-to 10-cm depth than the 0-to 5-cm depth, while mean WSA contents were similar in the same comparison (Fig. 1) . Carbon content was higher in the 0-to 5-cm soil layer (Fig. 1) , thus we attribute the greater C weight in the TT treatment to increased WSA C content while increased C weights in the DT and NT treatments were due to increases in both WSA and C content.
Water-stable aggregate N weights in the 0-to 5-cm soil layer were diff erent than those in the 5-to 10-cm layer for the two smallest and 1-to 0.5-mm size classes (Fig. 2) . In the 0-to 5-cm soil layer, there was a decrease in WSA N from the largest size class to the second largest size class and an increase as size classes decreased. Th is trend mirrors closely that found for mean WSA (Fig. 2) and highlights the importance of aggregate abundance in the soil. Th ere was a trend, beginning at the 4-to 2-mm size class and moving to the smallest size class, of decreasing diff erences in WSA N weights between soil depths. Th ese results illustrate the interactions between mean WSA and WSA N content (Fig. 2) , where all size classes contained greater N in the 0-to 5-cm layer but not all size classes contained greater WSA in the same layer. Th ese results indicate that enrichment decreases with decreasing aggregate size and suggests that N contained in larger aggregates may be protected.
Landscape position was not signifi cant in the main eff ect comparisons but was in the landscape location × size class interaction (Table 2 ). Th ere were no diff erences in aggregate C or N weights (pooled across tillage treatments and sample depth) among landscape positions within each WSA size class (Fig. 3) ; however, there were diff erences in the landscape position ranking within each size class. For the four largest size classes, aggregate C and N weight was numerically lowest at the toeslope position and highest at the summit. For the 0.5-to 0.25-mm size class, the lowest C and N weights were from samples collected at the midslope position. As aggregate size class decreased from the 4-to 2-mm class, C and N weights at the toeslope landscape position increased in relationship to the other landscape positions and were highest for the smallest size class. Th is same relationship was found in mean WSA content but not in C content. We attribute this to increasing movement down the slope as aggregate size decreases. Th is was not the case with the smallest size class (0.5-0.25 mm), where the mean WSA (Fig. 3) contents were similar; thus reductions in C weights at the midslope position were the result of lower C concentrations.
Aggregate N weights (pooled across aggregate size class) in the 0-to 5-cm soil layer for the DT and NT treatments were greater, regardless of slope position, than any other tillage × sample depth interaction combination (Fig. 5) . At the toeslope and midslope positions, NT samples collected at a depth of 0 to 5 cm had a greater N weight than DT samples; however, both treatment combinations were similar at the summit where the 0-to 5-cm, DT treatment combination was greater. At the toeslope position, the 5-to 10-cm NT treatment N weight was less than the DT or NT treatments at the 0-to 5-cm soil depth but greater than the other treatment combinations at that position. All TT and the 5-to 10-cm-depth DT and NT treatment combinations were similar at the midslope position. Aggregate N weight for the DT 5-to 10-cm sample was lower than all other treatment combinations at the summit position. Th ese results present a confusing picture of how N weight is aff ected by landscape position, sample depth, and tillage. While some patterns exist, our work did not show why trends shown in this three-way interaction were present. Soil aggregate N weights may not be a suitable means of defi ning soil quality.
CONCLUSIONS
Reducing tillage intensity from TT (high) to DT (medium) to NT (low) resulted in increased WSA, C, and N in the top 0-to 5-cm soil layer without impacting soil BD. We did not fi nd diff erences in total WSA across landscape positions, which we had predicted in our original hypothesis; however, we did fi nd a trend of increasing WSA along with aggregate C and N weights at the toeslope landscape position within each size class as size class decreased. While this might be the result of increased erosion as WSA size class decreases, we were not able to confi rm this and believe it would take a longer time period to do so. Our fi ndings of increased WSA and aggregates enriched with C and N in the 0-to 5-cm soil layer are attributed primarily to tillage eff ects and indicate that soil quality can be maintained or enhanced through reduced tillage in this pasture system. Bowman et al. (2008) , reporting on this study, concluded that NT is superior to TT and DT in terms of winter pasture establishment, while livestock weight gains and grazing days were similar to or better than those for TT and DT. Together these studies show that soil quality can be maintained or improved by adopting conservation tillage practices that do not decrease productivity in winter small-grain pastures.
